Hydrodynamic Simulation and Calculation of Marine Environmental Capacity in Xiamen Bay by 宋微
 
 
学校编号：100384                                    分类号   密级     
学    号：30420081151450                                      UDC    








Hydrodynamic Simulation and Calculation of Marine 
Environmental Capacity in Xiamen Bay 
 
 
答辩委员会主席：薛雄志 教授      
评    阅    人：方秦华 副教授    
                郑森林 副研究员   






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的





























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 














厦门湾水动力模拟及环境容量计算                                                    2010 
 
摘要 ........................................................................................................ I 
Abstract .............................................................................................. III 
第一章绪论........................................................................................... 1 
1.1 海洋环境容量研究概述................................................................................. 1 
1.2 环境容量计算方法......................................................................................... 3 
1.2.1箱式模型 ............................................... 4 
1.2.2分担率法 ............................................... 5 
1.2.3模型试算法 ............................................. 6 
1.2.4最优化法 ............................................... 6 
1.3 模糊优化理论概述......................................................................................... 8 
1.3.1模糊数学发展概述 ....................................... 8 
1.3.2模糊理论的应用 ......................................... 8 
1.4 研究区域及问题的提出................................................................................. 9 
1.4.1研究区域 ............................................... 9 
1.4.2问题的提出 ............................................ 10 
1.5 本文思路及主要安排................................................................................... 12 
第二章水动力及污染物扩散模型 .................................................... 13 
2.1 水动力模型................................................................................................... 13 
2.1.1水动力模型控制方程 .................................... 13 
2.1.2网格设置 .............................................. 14 
2.1.3水动力边界条件 ........................................ 14 
2.1.4水动力模型验证 ........................................ 15 
2.2 污染物扩散模型........................................................................................... 20 
2.2.1污染物扩散模型控制方程 ................................ 20 
2.2.2污染源输入 ............................................ 20 
2.2.3污染物现状模拟验证 .................................... 22 
第三章最优化方法 ............................................................................ 25 













厦门湾水动力模拟及环境容量计算                                                    2010 
 
3.2 数学模型....................................................................................................... 25 
3.2.1设计变量与设计空间 .................................... 26 
3.2.2目标函数 .............................................. 26 
3.2.3约束条件 .............................................. 27 
3.3 普通优化设计解法....................................................................................... 27 
3.3.1标准形式 .............................................. 27 
3.3.2确定基本可行解 ........................................ 28 
3.3.3求解最优解 ............................................ 29 
3.4 模糊优化设计............................................................................................... 30 
3.4.1模糊优化基本概念 ...................................... 31 
3.4.2截集 .................................................. 32 
3.4.3模糊子集与隶属度函数 .................................. 32 
3.4.4求解模糊优化 .......................................... 36 
3.5 优化初始条件............................................................................................... 38 
3.5.1数学模型的建立 ........................................ 38 
3.5.2模糊优化隶属度函数的建立 .............................. 39 
第四章优化结果分析及验证 ............................................................ 41 
4.1 响应系数场模拟........................................................................................... 41 
4.2 厦门湾环境容量计算................................................................................... 46 
4.2.1污染源影响分析 ........................................ 46 
4.2.2优化结果及分析及验证 .................................. 49 
4.2.3环境容量计算结果 ...................................... 59 
第五章总结与展望 ............................................................................ 61 
5.1 总结............................................................................................................... 61 
5.2 展望............................................................................................................... 62 
参考文献............................................................................................. 64 














厦门湾水动力模拟及环境容量计算                                                    2010 
 
Abstract in Chinese .............................................................................. I 
Abstract in English ........................................................................... III 
Chapter1 Introduction ....................................................................... 1 
1.1 Summary of marine environmental carrying capacity ............................. 1 
1.2 Method of environmental carrying capacity .............................................. 3 
1.2.1 Box model ................................................................................................ 4 
1.2.2 Sharing coefficient method ...................................................................... 5 
1.2.3 Rial-and-error model ................................................................................ 6 
1.2.4 Optimization method ............................................................................... 6 
1.3 Summary of fuzzy optimization ................................................................... 8 
1.3.1 Summary of fuzzy mathematics ............................................................... 8 
1.3.2 Application of fuzzy theory ..................................................................... 8 
1.4 Study area and raise the question ................................................................ 9 
1.4.1 Study area ................................................................................................. 9 
1.4.2 Raise the question .................................................................................. 10 
1.5 Thinking and working arrangements ....................................................... 12 
Chapter2 Hydrodynamic modle and pollutant diffused modle ... 13 
2.1 Hydrodynamic modle ................................................................................. 13 
2.1.1 Governing equation of hydrodynamic modle ........................................ 13 
2.1.2 Setup of grid ........................................................................................... 14 
2.1.3 Boundary conditions of hydrodynamic modle  ..................................... 14 
2.1.4 Verification of hydrodynamic modle ..................................................... 15 
2.2 Pollutant diffused modle............................................................................. 20 
2.2.1 Governing equation of pollutant diffused modle ................................... 20 
2.2.2 Drive conditions of pollution sources .................................................... 20 
2.2.3 Verification of pollutant diffused modle ................................................ 22 
Chapter3 Optimization method ...................................................... 25 













厦门湾水动力模拟及环境容量计算                                                    2010 
 
3.2 Mathematical model ................................................................................... 25 
3.2.1 Design variable and design space .......................................................... 26 
3.2.2 Objective function .................................................................................. 26 
3.2.3 Constraints ............................................................................................. 27 
3.3 Solving process of tradition optimization method ................................... 27 
3.3.1 Standard-form ........................................................................................ 27 
3.3.2 Ascertain of initial basic feasible solution ............................................. 28 
3.3.3 Solving optimalsolution ......................................................................... 29 
3.4 Fuzzy optimization ...................................................................................... 30 
3.4.1 Conception of Fuzzy optimization ......................................................... 31 
3.4.2 Cut set .................................................................................................... 32 
3.4.3 Fuzzy subset and membership function ................................................. 32 
3.4.4 Solving fuzzy optimization .................................................................... 36 
3.5 Initial conditions of optimization ............................................................... 38 
3.5.1 Establish of mathematical model ........................................................... 38 
3.5.2 Establish of membership function ......................................................... 39 
Chapter4 Analysis and verification for optimizing result ............. 41 
4.1 Modling of respons coefficient field........................................................... 41 
4.2 Calculation of environmental carrying capacity of Xiamen bay ............ 46 
4.2.1 Analysis and verificationfor influence of pollution sources .................. 46 
4.2.2 Analysis for optimalsolution .................................................................. 49 
4.2.3 Result of environmental carrying capacit .............................................. 59 
Chapter4 Summarization and outlook ........................................... 61 
5.1 Summarization  .......................................................................................... 61 
5.2 Outlook ........................................................................................................ 62 
References .......................................................................................... 65 























































































A review of the environmental capacity conception and some typical methods of 
calculating water environmental capacity, as well as the comparisons and analysises 
of the advantages and disadvantages of each method, are studied in this research. The 
box model is suitable to a small sea area with good diffusion condition, but it may 
leads to an overvalue of the environmental capacity; Sharing coefficient method is 
efficiently to operate, and the pollutant discharging allocation mainly depends on the 
response coefficient and share ratio; The results show that trial-and-error model only 
adapte to the calculation of simple water body due to its low computation efficiency; 
The optimization method computes the maximum pollutant discharge in the bay, 
based on the constraint of the pollutant concentration in the water control points. 
Then, the development process of fuzzy mathematics is reviewed, as well as the 
application of fuzzy optimization. Fuzzy mathematics has been widely used in the 
field of artificial intelligence, information management, mechanical engineering and 
automation control. Due to its successful application, this method is introduced to 
analysis the environmental capacity in Xiamen Bay. We seek to find a more reliable 
method to calculate the ocean environmental capacity. 
POM model is applied to simulate the hydrodynamic conditions in Xiamen Bay. 
To evaluate its accuracy, the results are compared to the observed data. Considering 
the convenience of the study and model computation, non-point pollutant sources are 
transferred into several point sources in the catchment areas using GIS. The number 
of pollutant sources in Xiamen is 22. Then, based on the hydrodynamic model, a 
water quality model is adopted to simulate the pollution situation by the discharging 
of the 22 point sources. The simulated 90% assurance concentrations in each zone suit 
very well to the observed values.  
At the same time, the optimization method is introduced to calculate the 
environmental capacity, which includes tradition optimization and fuzzy optimization, 
and the details these two methods in application are presented in this study. 
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quality model and the verification of the response coefficient field and source 
intensity, the results indicate a linear relationship between the response coefficient 
field and source intensity, which can be used to calculate the environmental capacity. 
Moreover, the contribution rate of every pollutant source to each water quality control 
point is statistically analysed in the research. The analysis of response coefficient in 
each control point and the contribution rate of every pollutant source provides the 
upper and lower limitation value of the pollutant source in the optimization. On the 
basis of tradition optimization and fuzzy optimization, by setting the maximum value 
of the pollutant discharge as the objective function, meanwhile, the constraint of the 
maximum and minimum pollutant discharge, as well as the water quality standard in 
each sea zone, the total phosphate and total nitrogen of each source are optimized in 
Xiamen Bay, The comparison between the these two methods indicate that the source 
intensity can only be reduced on the basis of the current intensity with tradition 
optimization, while with fuzzy optimization, an allocation of pollutants can be 
achieved. That is, the pollutant discharge in poor seawater diffusion areas can be 
relevantly reduced and added to sources with better diffusion. The capacity of total 
phosphate and total nitrogen increases 15.88% and 6.61% respectively by using fuzzy 
optimization method comparing with tradition optimization method. After simulating 
the concentration field with the source intensity derived from fuzzy optimization, the 
result of total phosphate and total nitrogen is compared with that obtained from 
current situation simulation. It can be seen clearly that that the concentration of the 
pollutant decreases in each sea zone, except a few areas exceeding the water quality 
standard, most areas are with in control, which demonstrates the optimization results 
are valid. This indicates that the fuzzy optimization results are more reasonable in 
calculating environmental capacity and optimization of pollutant sources. The results 
show that the total phosphate capacity in Xiamen Bay is 1648.72 t/a, and the total 
nitrogen capacity is 24232.16 t/a. 
Key words: hydrodynamic hydrodynamic; environmental capacity conception; fuzzy 


































































上世纪 60 年代，Jacobs 等就提出了水体质量评价的水质指数的概念和公式











































磷污染物浓度分布，并计算了胶州湾 COD、N、P 的环境容量[16]；2005 年，栗
















































































环境容量。2003 年，张学庆将 N、P 看作保守物质，采用分担率法对胶州湾的
COD、N、P 的环境容量进行估算[16]；余静，孙英兰等用该方法计算了宁波—舟
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